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Please add claims 35-75 listed below. 



35. A programmable input /ou tput device for 
coupling a programmable logic dev ice (PLD) to external 
circuitry, the input /outp ut device comprising: 
an input /output pad; 
|j an output buffer adapted to recei ve output signals 

frj from the PLD , the output buffer modifyin g the output signals 

\] and being coupled to the input /output pad; 

111 

S s an input buffer adapted t o receive a reference 

s 

JpJ signal and input signals from the in put /output pad and from 

Jp the output buffer, the input buffer comp aring the received 

s 

Sh* in put signals to the reference s ignal to produce a 

rH fferential signal and coup ling the differential signal to 
the PLD to provide the PLD with modified input signals; and 

a plurality of programmable elements t hat select 
the standard with which the p\itput bu ffer and the input 
buffer respectively modify the output and input signa ls. 

36 . The programmable input /o utput device of claim 
35. wherein the plurality of programma ble elements further 
comprise: 

a first programmable element coupl ed to the output 
buffer and the input buffer; and 



a second programmable element coupled to the output 



37 . The programmable input / output device of claim 
36. wherein the plurality of programma ble elements are 
elements from the group of SRAM, EPROM. EE P ROM, fuse and 
antifuse elements. 

38. The programmable input /output device of claim 
35. wherein the input /output dev ice provides signal 
modification in accordance with logic standrds from the group 
of TTL. CMOS. GTL . and HSTL. 

39. The programmable input /output de vice of claim 
35. wherein the input buffer comprises: 

a differential amplifier circuit being adapted to 
receive the input signals; 

control circuitry that controls the modification of 
the input signals in accordance with the sta ndard selected by 
the plurality of programmable e lements: and 

inversion circuitry that provides the modified 
input signals to the PLD. 
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40 . The programmable input /output device of claim 
39, wherein the differential amplifier circuit and the 
control circuit operate in conju nction with each other to 
provide the modifications of the input signals in accordance 
with a plurality of logi c standards. 

41 . The programmable input /output device of claim 
39. wherein the differential amplifier circuit and the input 
buffer operate independent of each other such th at the 
modifications of the input signals are performed by the input 
buffer in accordance with a first logic standard and bv the 
differential amplifier circuit in accordance with a second 
logic standard, the first and second logic standards being 
selected bv the plurality of programmabl e elements. 

42 . The programmable input /output device of claim 
41, wherein the input buffer is optimized for speed to 
provide modification in accordance with t he first logic 
standard at increased speed. 

43 . The programmable input /output device of claim 
41. wherein the differential amplifier circuit is optimized 
for speed to provide modification in accorda nce with the 
second logic standard at increased speed. 



4 



44 . A programmable input /output device for 
coupling a programmable logic device (PLD) to external 
circuitry, the input /output device comprising: 

means for coupling the input/output device to the 
external circuitry; 

means for receiving output signals from the PLD and 
I"! for modifying the output signals in accordance with a 

|*'| selected logic standard, the means for receiving providing 

\\ the modified output signals to the means for coupling; 

m ■ 

H means for modifying input signals received from the 

j£ means for receiving and the mean s for coupling in accordance 

w 

g% with the selected logic standard, the means for modifying 
M including a means for comparing the received input signals to 

a reference signal to produce a differential signal and for 
providing the modified input signals to the PLD; and 

means for selecting the selected logic standard 
from a plurality of logic standards. 



45 . The programmable input /output device of claim 
44, where in the means for receiving comprises: 

circuitry for modifying the output signals to an 
appropriate high voltage level in accordance with the 
selected logic standard if the output signals are logic high 
signals; and 
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circuitry for modifying the output signals to an 



appropriate low voltage level in accordance with the selected 
logic standard if the output signals are logic low signals. 



46 . The programmable input /output device of claim 
44, wherein the means for modifying comprises: 

M 

f? a first conversion circuit for converting the input 

I 

111 signals in accordance with a first logic standard; and 



a second conversion circuit for converting the 
input signals in accordance with a second logic standard. 



m 
M 

u 

m 

CJ 47 . The programmable input /output device of claim 

o 



46, wherein the first and second conversion circuits are 
merged into a single conversion circuit. 



iL. The programmable i nput /output device of claim 
46, wherein the first and second conversion circuits are 
substantially independent of each other such that they may be 
independently optimized for operational speed improvements. 

4SL A method for providing a programmable logic 
device (PLD) with the capability of being selectively coupled 
to external circuitry that operates in accordance with a 



selected one of a plurality of logic sta ndards, the method 



comprising: 

programmablv selecting the selected one of a 
plurality of logic standards ; 

modifying output signa ls from the PLD in accordance 
with the selected logic standard such that high PLD signals 
correspond to high signals of the selected standard and low 
PLD signals correspond to low signa l of the selected 
standard; 

receiving input signals fro m an external interface; 

comparing the received input s ignals to a reference 
signal to produce a differential signal in accordanc e with 
the selected logic standard such that high input signals are 
converted to high PLD signals and low input signals are 
converted to low PLD signals. 

50 . The method of claim 49. wherein the 
programmablv selecting further comprises sel ecting a logic 
standard from the group including: TTL, CM OS, open drain 
logic. GTL . terminated HSTL. and non- terminated HSTL. 

51. The method of claim 49. wherein the 
programmablv selecting further comprises applyi ng a plurality 
of Select Bits to a plurality of progra mmable elements. 
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52 . A programmable input /output device capable of 
operating at multiple logic standards comprising: 
an input /output terminal; 

a plurality of programmable elements; and 
an input buffer having circuitry controlled by at 
least one of the plurality of programmable elements to select 
between a first logic standard and a second logic standard 
wherein the second logic standard is a differential logic 
standard. 



i*\ 53 . The programmable input /output device of claim 

P 

4 X \ 52 wherein the differential logic standard is a standard from 

h* the group of HSTL and GTL. 



54 . The programmable input/output device of claim 
52 wherein the first logic standard is a standard from the 
group of TTL or CMOS. 



55 . The programmable input /output device of claim 
52 where in the programmable elements are elements from the 
group of SRAM, EPROM, BE PROM , and antifuse elements. 

56 . The pro grammable input /output device of claim 
52 wherein the input buffer further comprises a differential 
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amplifier circuit that is used for generating the 
differential logic standard. 

57. The programmable input /ou tput device of claim 
52 wherein at least one programmable ele ment is coupled to 
the input buffer. 

58 . The programmable input /output devic e of claim 
52 further comprising an output bu ffer having circuitry 
controlled bv at least one of the plural ity of programmable 
elements to select between the first logic standard and the 
second logic standard. 

59 . The programmable input /output device of claim 
58 wherein the second logic standard is a differential logic 



60 . The programmable input /output devic e of claim 
58 wherein at least one programmable element is c oupled to 
the input buffer. 

61 . The programmable input /output device of claim 
60 wherein the input buffer and the output bu ffer are 
controlled by the same programmable element . 
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62 . A programmable input /output buffer capable of 
operating at multiple logic standards comprising: 

an input/output terminal; 

a plurality of programm able elements; 

an input buffer; and 

an output buffer havin g circuitry controlled by at 
least one of the plurality of program mable elements to select 
between one logic standard and a different ial logic standard. 

63 . The programmable input /outpu t device of claim 
62 wherein the differential log ic standard is a standard from 
the group of HSTL and GTL . 

64 . The programmable input /output device of claim 
62 wherein the first logi c standard is a standard from the 
group of TTL and CMOS . 

65 . The programmable input /output device o f claim 
62 wherein the programmable elements are element s from the 
group of SRAM, EPROM. EE PROM , and antifuse elements. 

66 . The programmable input /output device of claim 
62 wherein at least one programmable element is coupled to 
the output buffer. 
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67 . The programmable input /output device of claim 



62 further comprising an intput buffer having circuitry 
controlled by at least one of the plurality of programmable 
elements to select between the first logic standard and the 
second logic standard. 

0 - 
0 

fc 68 . The programmable input /output device of claim 



67 wherein the second logic standard is a differential logic 
standard. 



n ■ 

a 

69 . The programmable input /output device of claim 
67 wherein at least one programmable element is coupled to 
the output buffer. 

70 . The programmable input /output device of claim 
69 wherein the input buffer and the output buffer are 
controlled by the same programmable element. 



71 . A programmable input /output device comprising: 
an input /output terminal; 

an input buffer and an output buffer coupled to the 
input/output terminal, each of which includes means for 
modifying signals applied to the input /output terminal to a 
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selected one of multiple logic standards wherein at least one 
of the multiple logic standards is a d ifferential logic 



s1-anriard: and 

a plurality of programmable e lements for selecting 
the logic standard at which the inpu t and output buffers 
operate . 

5 

P 72 . The programmable input /output device of claim 

Si 71 wherein the input buffer an d the output buffer further 

m 

- mnmrise means for modif ying signals applied to the 

P -in put /output terminal to a logic standard from the group of 

41 TTL. CMOS- GTL and HSTL. 

ft 

;- 

73 . The input/output device of claim 71, wherein 
i-h^ innut buffer and the outp ut buffer share at least one 
programmable e lement . 

74. A method of opera ting a programmable 
in put /output device at a sele cted one of multiple logic 
standards, the method comprising: 

selecting a logic standard; 

receiving an input sign al at an input of the 
•in put /output device; and 
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modifying the input signal based on the selected 



logic standard; wherein at least one of the multiple logic 



standards is a differential logic standard 



75 . The method of claim 74 , wherein the modifying 
further comprises modifying the input signal to comply with a 
logic standard from the group including: TTL, CMOS, open 
drain logic, GTL, terminated HSTL, and non- terminated HSTL. 



Respectfully submitted, 

Michael E. Shanahan 
Registration. No. 43,914 
Attorney for Applicants 

and Assignee 
PISH & NEAVE 
Customer No. 1473 
1251 Avenue of the Americas 
New York, New York 10020-1104 
Tel: (212) 596-9000 
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35 . A programmable input /output device for 
coupling a programmable logic device (PLD) to external 
circuitry, the input /output device comprising: 

an input /output pad; 

an output buffer adapted to receive output signals 

'£1 from the PLD, the output buffer modifying the output signals 

J ' 

%i and being coupled to the input /output pad; 

111 

%! an input buffer adapted to receive a reference 

}*j signal and input signals from the input /output pad and from 

Jyp the output buffer, the input buffer comparing the received 

CJ 

Jr*i input signals to the reference signal to produce a 

differential signal and coupling the differential signal to 
the PLD to provide the PLD with modified input signals; and 

a plurality of programmable elements that select 
the standard with which the output buffer and the input 
buffer respectively modify the output and input signals. 

36 . The programmable input /output device of claim 
35, wherein the plurality of programmable elements further 
comprise : 

a first programmable element coupled to the output 
buffer and the input buffer; and 
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a second programmable element coupled to the output 



buffer 



37 . The programmable input /output device o f claim 
*> 36, wherein the plurality of programmable elemen ts are 

elements from the group of SRAM. EPROM, EE PROM, fuse and 

p. antifuse elements. 

S 
ill 

%\ 38 . The programmable input /output device of claim 

in "~ ' " 

% i 35, wherein the input/output device provides signal 



modification in accordance with logic s tandrds from the group 
of TTL , CMOS, GTL, and HSTL. 

39 . The programmable input /output device of claim 
35, wherein the input buffer comprises: 

a differential amplifier circuit being adapted to 
receive the input signals; 

control circuitry that controls the modificat ion of 
the input signals in accordance with the standard selected by 
the plurality of programmable elem ents: and 

inversion circuitry that provides the modified 
input signals to the PLD. 



3 



40 . The programmable input /output device of claim 
39, wherein the differential amplifier circuit and the 
control circuit operate in conjunction with each other to 
provide the modifications of the input signals in accordance 
with a plurality of logic standards. 

ll\ 41 . The programmable input /output device of claim 

m 39, wherein the differential amplifier c ircuit and the input 

:I 

Si buffer operate independent of each other such that the 

m 

%l modifications of the input signals are perfor med bv the input 

p buffer in accordance with a first logic standard and bv the 

i£ 

C 5 differential amplifier circuit in accordance with a second 

r* logic standard, the first and second logic st andards being 

selected bv the plurality of programmable elem ents. 



42 . The programmable input /output device o f claim 
41, wherein the input buffer is optimized for spe ed to 
provide modification in accordance with the first logic 
standard at increased speed. 

43 . The programmable input /output device of claim 
41. wherein the differential amplifier circuit is op timized 
for speed to provide modification in accordance with the 
second logic standard at increased speed. 



44 . A programmable input /output device for 
coupling a programmable logic device (PLD) to external 
circuitry, the input/output device comprising: 

means for coupling the input /output device to the 
external circuitry; 

means for receiving output signals from the PLD and 
for modifying the output signals in accordance with a 
selected logic standard, the means for receiving providing 
the modified output signals to the means for coupling; 

means for modifying input signals received from the 
means for receiving and the means for coupling in accordance 
with the selected logic standard, the means for modifying 
including a means for comparing the received inpu t signals to 
a reference signal to produce a differential signal and for 
providing the modified input signals to th e PLD; and 

means for selecting the sel ected logic standard 
from a plurality of logic standards. 

45 . The programmable input /output device of claim 
44, wherein the means for receiving comprises: 

circuitry for modifying the output signals to an 
appropriate high voltage level in accordance with the 
selected logic standard if the output signals are logic high 
signals; and 
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circuitry for modifying the output signals to an 
appropriate low -voltage level in accordance with the selected 
logic standard if the output signals are logic low signals. 

46 . The programmable input /output device of claim 
44, wherein the means for modifying comprises: 
M a first conversion circuit for converting the input 

G 

fe; signals in accordance with a first logic standard; and 

W 

\i a second conversion circuit for converting the 

m 

Si input signals in accordance with a second logic standard. 

U 

l n 47 . The programmable input /output device of claim 

jrt 46. wherein the first and second conversion circuits are 

merged into a single conversion circuit. 

48 . The programmable input /output device of claim 
46, wherein the first and second conversion circuits are 
substantially independent of each other such that they may be 
independently optimized for operati onal sp eed improvements. 

49 . A method for providing a programmable logic 
device (PLD) with the capability of being selectively coupled 
to external circuitry that operates in accordance with a 
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selected one of a plurality of logic standards, the method 
comprising : 

programmably selecting the selected one of a 
plurality of logic standards; 

modifying output signals from the PLD in accordance 
with the selected logic standard such that high PLD signals 
correspond to high signals of the selected standard and low 
PLD signals correspond to low signal of the selected 
standard; 

receiving input signals from an external interface; 

comparing the received input signals to a refe rence 
signal to produce a differential signal in accordance with 
the selected logic standard such that high input sig nals are 
converted to high PLD signals and low input signals are 
converted to low PLD signals. 

50 . The method of claim 49, wherein the 
programmably selecting further comprises selecting a logic 
standard from the group including: TTL, CMOS, open drain 
logic, GTL , terminated HSTL, and non- terminated HSTL. 

51 . The method of claim 49, wherein the 
programmably selecting further comprises applying a plurality 
of Select Bits to a plurality of programmable elements. 

7 



52 . A programmable input /output device capable of 
operating at multiple logic standards comprising: 

an input /output terminal; 

a plurality of programmable elements: and 
an input buffer having circuitry controlled by at 
least one of the plurality of programmable elements to select 
fa between a first logic standard and a second logic standard 
p wherein the second logic standard is a differential logic 

%i standard. 

m 
v 

.8 

53 . The programmable input /output device of claim 

'^s 52 wherein the differential logic standard is a standard from 

CI 

M the group of HSTL and GTL. 



54 . The programmable input /output device of claim 
52 wherein the first logic standard is a standard from the 
group of TTL or CMOS . 



55 . The programmable input /output device of claim 
52 wherein the programmable elements are elements from the 
group of SRAM, EPROM, EE PROM, and antifuse elements. 

56 . The programmable input /output device of claim 
52 wherein the input buffer further comprises a differential 
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amplifier circuit that is used for generating the 
differential logic standard. 



57 . The programmable input /outpu t device of claim 
52 wherein at least one programmable element is coupled to 
the input buffer. 

fa 

u = 58 . The programmable input /output device of claim 

*|l . 52 further comprising an output buffer hav ing circuitry 

controlled bv at least one of the plurality of programmable 
elements to select between the first l ogic standard and the 
second logic standard. 

59 . The programmable input /output device of claim 
58 wherein the second logic standard is a differential logic 
standard . 

60 . The programmable input /output device of claim 
58 wherein at least one programmable element i s coupled to 
the input buffer. 

61 . The programmable input /output device of claim 
60 wherein the input buffer and the output buffer are 
controlled by the same programmable element. 



62 . A programmable input /output buffer capable of 
operating at multiple logic standards comprising: 
an input/output terminal; 
a plurality of programmable elements; 
an input buffer; and 

an output buffer having circuitry controlled bv at 
least one of the plurality of programmable eleme nts to select 
between one logic standard and a differential logic sta ndard. 



If] 

V 63 . The programmable input /output device of claim 

.« 

%\ 62 wherein the differential logic standard is a standard from 

^ the group of HSTL and GTL. 



64 . The programmable input /output d evice of claim 
62 wherein the first logic standard is a standar d from the 
group of TTL and CMOS. 

65 . The programmable input /output device of claim 
62 wherein the programmable elements are elements from the 
group of SRAM, EPROM, EE PROM , and antifuse elements. 

66 . The programmable input /output device of claim 
62 wherein at least one programmable element is coup led to 
the output buffer. 
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67 . The programmable input /output device of claim 
62 further comprising an intput buffer having circuitry 
controlled by at least one of the plurality of programmable 
elements to select between the first logic standard and the 
second logic standard. 

D 
O 

III 68 . The programmable input /output device of claim 

I| 

Si 67 wherein the second logic standard is a differential logic 

Itl 

H standard. 

M 
P 
P 

Ip 69 . The programmable input /output device of claim 

H° 67 wherein at least one programmable element is coupled to 

the output buffer. 



70 . The programmable input /output device of claim 
69 wherein the input buffer and the output buffer are 
controlled by the same programmable element. 



71 . A programmable input /output device comprising: 
an input /output terminal; 

an input buffer and an output buffer coupled to the 
input/output terminal, each of which includes means for 
modifying signals applied to the input /output terminal to a 



11 



s elected one of multiple logic standards wherein at least one 
of the multip le logic standards is a differential logic 
standard; and 

a pluralit y of programmable elements for selecting 
the logic standard at which the input and output buffers 
operate. 

7 2 ■ The programmable input /output device of claim 
71 wherein the input buffer and the output buffer further 
compris e means for modifying signals applied to the 
input /output te rminal to a logic standard from the group of 
TTL, CMOS, GTL and HSTL. 

73 . The input/output device of claim 71, wherein 
the input buffe r and the output buffer share at least one 
programmable element. 

74 . A method of operating a programmable 
input /output device at a selected one of multiple logic 
standards, the method comprising: 

selecting a logic standard: 

receiving an input signal at an input of the 
input /output device; and 
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modifying the input signal based on the selected 



logic standard; wherein at least one of the multiple logic 
standards is a differential logic standard. 



75 . The method of claim 74, wherein the modifying 
further comprises modifying the input signal to comply with a 
M logic standard from the group including: TTL , CMOS , open 

drain logic, GTL , terminated HSTL, and non- terminated HSTL. 



m 



|J . Respectfully submitted, 

o 
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